Eight years ago, when these studies were started, very little was known about the metabolic or endocrine responses to acute medical illnesses. Initially two problems were selected for investigation. The first was a study, by external balance techniques, of the metabolic changes occurring in the first seven days of a severe acute medical illness. The second was an assessment of the magnitude of the adrenal cortical response. This was done by measuring cortisol secretion rates, plasma cortisol levels and urinary steroid excretion in the patients on whom balance studies were being undertaken. At a later stage plasma cortisol measurements were made on a larger number of 'acute medical patients'. In this way it was hoped to assess the magnitude of response to be expected in various types of acute illness in patients with normal hypothalamic-pituitary-adrenal function. As the project developed, plasma growth hormone (GH) estimations were added and an attempt was made to measure plasma ACTH levels. Finally, the responses to a number of artificial stresses were studied, in normal subjects and in patients with hypothalamic-pituitary disorders. This part of the investigation has been undertaken in an attempt to determine the site of action of the various stimuli.
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Metabolic Response to Acute Medical Stress
Nine patients were selected for this investigation, 4 with pneumonia, 3 with myocardial infarction, one with a subarachnoid hxemorrhage and one with severe diabetic ketosis. Studies were initiated within a few hours of the patient's admission to the hospital, blood was drawn for plasma cortisol, electrolyte and urea determinations and measurement of cortisol secretion rate was started. The blood tests were repeated at 12-hour intervals initially and daily later. Twenty-four-hour urine collections were made and sodium, potassium, chloride, nitrogen, creatinine, 17-oxogenic steroids (17-OGS) and 17-oxosteroids (17-OS) were estimated by standard methods. Stools were not analysed but allowance was made for expected frcal excretion of potassium and nitrogen in calculation of the balance data. During the period of study the patients were given foods of known (measured) compositionmainly milk. The balance studies were continued for about seven days, and on the last day a further measurement of the cortisol secretion rate was made. In the first 3 cases plasma cortisol was measured as the Porter-Silber chromogen, in the next 4 (including the patient with severe diabetic ketosis) a specific cortisol method was used and subsequently the plasma 11-OHCS method of Mattingly (1962) . The plasma cortisol estimations and secretion rate measurements were carried out by Miss Audrey Moxham, using for the latter the method developed by Lazarus (1962) .
Sodium and chloride balances did not show any consistent pattern. In the patient with severe diabetic ketosis they were strongly positive (sodium +907 mEq, chloride +644 mEq in seven days). Three of the patients with pneumonia retained sodium and chloride for the first 3 or 4 days followed by a diuresisa picture similar to that seen after surgical operations. The 3 patients studied after myocardial infarcts all had negative sodium and chloride balances, although none had required diuretic therapy during the period of study.
Results of the potassium balances were somewhat surprising in that they were positive in 7 of the 9 patients. This was probably due to a high potassium intake and there was a significant correlation between the seven-day potassium retention and intake (correlation coefficient +0-81, P <001). Nitrogen balance was negative in all cases. It was not affected by nitrogen intake but there was good correlation between the cumulative nitrogen loss and total urinary 17-OGS over the seven-day period (correlation coefficient +0-86, P <0*01). The results of these studies have been published in greater detail (Nabarro 1967) .
Adrenal Cortical Response
The cortisol secretion rates in these 9 patients ranged from 43 to 225 mg/24 h. Plasma cortisol and urinary 17-OGS levels were correspondingly increased. The diurnal variation of plasma cortisol was largely obliterated in these seriously ill patients. When the cortisol secretion rates were measured at the end of the study, 3 were still above normalin the patient with severe diabetic ketosis who was proving difficult to control, in one of the patients with pneumonia who had a relapse on the sixth day and in a patient with myocardial infarction who had a cardiac arrest just before the study was started and who was still seriously ill on the seventh day.
There must inevitably be some doubt about the validity of isotope dilution methods for measuring secretion rates in individuals who are seriously ill. Lazarus (1962) studied a number of women immediately after total adrenalectomy while they were receiving large amounts of cortisol by slow constant intravenous infusion. He found that the cortisol secretion rate measured by his technique accurately reflected the amount of cortisol entering the circulation. The estimations were made on 24-hour urine collections and in one of the cases reported here it was confirmed that 94% of the injected radioactivity had been excreted in that time.
The cortisol secretion rate measurements confirmed that there was an increase of adrenal cortical activity in acute medical stress. However, these estimations are time consuming and for the study of a large number of patients something simpler would be needed. The most convenient would be measurement of the plasma 11-OHCS level using the sulphuric acid fluorescence technique; a rather less convenient alternative is determination of urinary 17-OGS excretion. We have figures for 48 cortisol secretion rate estimations done at the same time as urinary 17-OGS and plasma cortisol or 1 -OHCS measurements. The cortisol secretion rates covered a very wide range, 20-550 mg/24 h (mean 105). The correlation coefficients were: secretion rate with plasma cortisol or 1l-OHCS +0 709, and with urinary 17-OGS +0-822. Although the correlation with urinary steroid excretion is a little better, considerations of ease and convenience suggested that plasma 11-OHCS measurements would be a valid method of screening the adrenal cortical response in a large number ofpatients.
Plasma Il-OHCS kvels have been estimated in 129 patients with acute medical illnesses. The highest concentrations were found in patients with unbalanced diabetes (31 patients, mean 81 pg/100 ml, range 26-132). Patients with severe diabetic ketosis had rather higher levels (mean 86 ,ug/100 ml) than those with hyperosmolar nonketotic diabetic coma (mean (60 pg/100 ml). Serial measurements showed that the plasma 11-OHCS usually fell within a few hours of response to treatment. Patients with myocardial infarction had a mean level of 44 pg/100 ml (range 7-89); generally speaking, those with levels below 30 ,ug/100 ml had little evidence of tissue necrosis, while those with higher levels were more seriously ill. In 18 patients with severe acute infections the levels were from 19 to 75 pg/100 ml. Seven patients out of the 129 studied had evidence of an impaired adrenal cortical response with plasma 11-OHCS concentrations of 4-14 pgg/100 ml.
Three of these had acute infectious illnesses, in 2 associated with hypopituitarism and in one with transient adrenal cortical failure.
In the group of 122 patients with acute medical conditions and a normal adrenal cortical response the mean plasma 1 1-OHCS level was 48 pg/100 ml. This may be compared with the figure obtained after intensive stimulation of normal adrenal glands. ACTH tests with 100 units of corticotrophin gel given daily for three consecutive days produced, six hours after the third injection, a peak plasma ll-OHCS level of 69 pg/100 ml (mean of 54 tests, range 35-130).
Plasma ACTH concentrations: It would be of great interest to have figures for plasma ACTH concentrations in these patients. Dr R A Donald from New Zealand spent over two years working with us on this problem and was joined later by Dr S Salisbury Murphy. Dr Donald, using radioimmune assay with a coated charcoal separation technique (Ekins & Sgherzi 1965) , found that when measuring the very small amounts of ACTH present in normal plasma (pg quantities) different plasmas have varying effects on the displacement of labelled ACTH from antibody. For this reason he developed an ingenious extraction procedure using silicic acid that removed the ACTH from the plasma and also concentrated it (Donald 1967) . At that time it was still not possible to measure endogenous ACTH in man, because sufficiently pure human ACTH was not available as a standard or for iodination, neither had he a suitable antibody. Since then synthetic human ACTH has become obtainable and he and others (Landon & Green- (Donald 1968) for measuring the levels ACTH given to patients for therapeuti and with Dr Salisbury Murphy carried on endogenous ACTH levels in piglet reference will be made later. Porcine i given to patients in four preparation, trophin soluble, gel, zinc and carb celluloseall in doses of 100 units. Tt of persistence of immunologically acti' necessarily biologically active) ACT plasma was compared and the resu patient are shown in Fig 1. It should out that the dose of ACTH given was t that used in the stimulation tests referrn end of the last paragraph which produ( 11-OHCS levels of a mean of 69 ,g/1C A number of factors must be invol increased secretion of ACTH that occu medical illness. In conscious patients (Shenkin 1964 ) and psychological effec 1955) have been implicated. Fever necessarily produce a rise of plasn (Kimball et al. 1968 ), but tissue necro involved (Bailey et al. 1967) . Metabol must play some part, and presumably a the high levels seen in patients with seve imbalance. High levels of plasma 11-Calso found in a few patients with sev poisoning. In some seriously ill patie terminal states, very high plasma cor probably result as much from defec bolism of cortisol by the liver as fromr secretion by the adrenal cortex (Sand 1956 ).
Plasma Growth Hormone (GH) Dr Howard Jacobs, working in the Institute of Clinical Research at the Middlesex Hospital, has been studying some aspects of the physiology of growth hormone and has developed a highly sensitive radioimmune assay for plasma GH using activated charcoal for separating free and bound labelled hormone. He has measured GH levels in the plasma of 86 ofthe patients with acute medical stress. Modest elevation up to 35 ng/ml has been found in patients with unbalanced diabetes. It is of interest that in those with severe diabetic 12 -24 ketosis the level was nignest beiore treatment was started when the blood sugar was also very high. The GH level fell when the blood sugar level fell as the result of insulin administration. On the after intra-other hand, in patients with hyperosmolar nonpreparations ketotic diabetic coma the GH level was normal when the patient was first seen, usually with a very high blood sugar, and the GH level rose as the aring anti-blood sugar fell. in ACTH. ine ACTH Other Endocrine Changes in Acute Medical Stress iently avid Changes in the function of other endocrine glands his system undoubtedly occur in acute medical illnesses. of porcine They are at present inadequately documented and ic purposes their significance obscure, although they may well out studies contribute to the clinical picture and metabolic ts to which response in these patients. Changes in pressor LCTH was amine levels in the plasma and urine have been s -cortico-described, although in myocardial infarction they oxymethyl are reported as being variable and poorly correie duration lated with the clinical picture (Valori et al. 1967 ). ve (but not There are also changes in thyroid hormone meta-7H in the bolism, with increased turnover of thyroxin and lts in one tri-iodothyronine (Gregerman & Solomon 1967) be pointed and an increase in the absolute amount of free he same as thyroxin in the plasma (Anderson 1968) . The ed to at the effect of acute medical conditions on carboced plasma hydrate metabolism has been the subject of a )0 ml. number of studies. In acute infections the rate of Ived in the disappearance of glucose after an intravenous irs in acute injection is slowed, despite an increase in the both pain levels of plasma insulin (Shambaugh & Beisel cts (Bayliss 1967) . On the other hand Schalch (1967) , studying does not a number of physical stresses, has reported failure ia cortisol of the plasma insulin level to rise in response to sis may be stress-induced hyperglycemia. He suggests that lic changes this may be the result of an increase of circulating iccount for adrenaline. ,re diabetic )HCS were Responses to Artificial Stresses ere aspirin The response of the hypothalamic-pituitarynts and in adrenal axis to a number of artificial stresses has tisol levels been studiedinsulin hypoglycemia providing tive meta-both a physical and metabolic stress, lysinei increased vasopressin also providing in most patients a lberg et al. physical stress (intestinal colic) and possibly having a direct stimulant action on the anterior pituitary, artificial fever (Pyrogen E, Organon) providing a physical stress, and metyrapone stimulating ACTH secretion by lowering the circulating level of plasma cortisol. The responses to these various stresses have been assessed by measuring plasma 1-OHCS and GH after the first three and urinary 17-OGS after metyrapone.
The use of the plasma 11-OHCS level to detect ACTH secretion is convenient but not entirely satisfactory because it depends on the adrenal cortical response to the ACTH. Ideally the ACTH level in the plasma should be measured. Dr Donald and Dr Salisbury Murphy, with their sensitive method for estimating porcine ACTH levels, have done this in piglets (Donald et al. 1968) . Plasma ACTH levels with insulin hypoglycemia gave a mean peak level of 392 pg/mI, whereas the peak with lysine-vasopressin was 111 pg/ml. Plasma 11-OHCS concentrations measured in the same studies showed higher levels after lysine-vasopressin than with hypoglyceemia. Plasma ACTH after metyrapone was 350 to 400 pg/ ml. Landon & Greenwood (1968) reported comparable ACTH levels in similar studies in man.
Insiulini hypoglycemia tests: We have carried out over 100 insulin hypoglycaemia tests. The normal response of plasma I 1-OHCS has been an increase of 6 ,g/100 ml or more (mean 15 ,ug/l00 ml, range 6-30). With a normal responder the plasma GH concentration at some stage in the test reached 7 ng/ml (peak level mean 22 ng/ml, range 7-64). The most sensitive indication of a defect of the hypothalamic pituitary system was an inadequate response of plasma GH to insulin hypoglycemia (blood glucose less than 40 mg/100 ml). This was found in 30 of the tests. In 6 the patients were being investigated for dwarfism and a diagnosis of isolated GH deficiency was made. The diagnoses in the remaining 24 patients were: idiopathic hypopituitarism 5, hypophysectomy 3, cranopharyngioma 3, pituitary tumours 2, hypothalamic disorder 2, previous tuberculous meningitis 2, other conditions 7. Of these 24 patients 6 had normal responses of plasma I1-OHCS to hypoglycemia and in the remaining 18 (75 %) the responses of plasma GH and 1 I-OHCS were subnormal.
Ar-tificial fever tests were performed on only 12 patients; the rise of plasma 11-OHCS in those showing a normal response was in the range reported by Jenkins (1968), 8-6-45 ,g/100 ml. Dr Jacobs measured the GH levels in these patients but the results with this particular pyrogen were inconsistent. Of the 24 patients referred to at the end of the last paragraph 8 were tested with pyrogen and 7 showed a subnormal response of plasma 1 1-OHCS (88 %).
Lysine-vasopressin tests were performed by slow intravenous infusion (10 units in 120 minutes). In patients showing a normal response, the plasma 1 -OHCS increased by at least 6 ,ug/100 ml (mean 15-5, range 6-30) . No significant or consistent changes of plasma GH concentration were observed. Referring again to the group of 24 patients who showed abnormal response to the insulin hypoglycmmia test, 14 were studied with lysine-vasopressin and only 3 showed subnormal responses (21 %). Most of these patients had the clinical features of hypopituitarism. The fact that many of them showed a response to lysinevasopressin but not to insulin hypoglyc2emia or artificial fever suggests either that lysine-vasopressin is a much more potent stimuluswhich seems unlikelyor that it acts at a different level. One patient studied suggested that the latter is the correct explanation:
Case Report K M was referred by Professor R W Gilliatt from the National Hospital for Nervous Diseases, Queen Square. He was aged 25 and gave a history of tuberculous meningitis at the age of 4 years. His maximum plasma 1 1-OHCS concentration after intravenous insulin was 6-2 t&g/l00 ml, after pyrogen (temperature 102-6°F, 39 2°C) 7-0 ug/100 ml, but with lysinevasopressin it rose to 21-6 slg/I00 ml. Radiographically there was evidence of heavy calcification in the region of the pituitary stalk.
These figures suggest that lysine-vasopressin acts directly on the pituitary but that hypoglycaemia and bacterial pyrogen act at the hypothalamic level or above.
It is important to collect all possible information about the value of tests with artificial stresses in the prediction of responses to natural stresses. In 5 of the patients who have had studies with artificial stress tests it has been possible to measure plasma 1 -OHCS and GH responses to other forms of stresssevere hypoglycemia in a hypophysectomized diabetic, air encephalography in 3 patients with pituitary tumours and an acute episode of hydrocephalus in one patient. In all 5 the responses were comparable to those in the stress tests. On the other hand, our experience with 4 patients with long-standing untreated hypopituitarism suggests that, despite poor response to the artificial stress tests, the patients may be able to withstand quite severe natural or surgical stresses. These patients had had the condition for 9 to 53 years, their responses of plasma 1 1-OHCS and GH to insulin hypoglycemia were very poor, all had withstood the stresses of everyday life, one had had an attack of pneumonia and 2 had had major surgical operations. In all 4 striking clinical improvement followed steroid replacement therapy. The magnitude of the adrenal cortical responses to artificial and natural stresses may be compared. The maximum plasma 1 -OHCS levels achieved with insulin hypoglycwmia, lysine-vasopressin and artificial fever are in the range 15-45 ,ug/100 ml. The levels found in patients with severe acute medical illnesses were higher, with a mean of about 50 gug/100 ml. An attempt can be made to translate these figures into cortisol secretion rates. We have figures for 78 simultaneous estimations of plasma 11-OHCS and cortisol secretion rates. The correlation coefficient is +0-783 with a regression equation SR=3 92 xplasma 11-OHCS -8. The response to the artificial stresses would approximate therefore to secretion rates of 50-150 mg/24 h although this rate would only be achieved for a short time. In acute medical illness, the mean plasma 1 1-OHCS level suggests a secretion rate of about 200 mg/24 h. This level of adrenal cortical activity might well continue for several days, although when plasma 1 1-OHCS levels were very high one would suspect an altered relationship to the secretion rate because of impairment of hepatic cortisol metabolism.
